Abstract. We present a study over three single-site campaigns to investigate the photometric behaviour of the PNN NGC 246. We observed this object in 2000 and 2001. The analysis of the light curves indicates complex and variable temporal spectra. Using wavelet analysis we have found evidences for changes on time scales of hours in the 2000 dataset. The temporal spectra obtained during 2001 are quite different from the results of the previous year. The modulations in the light curve are more noticeable and the temporal spectra present a higher number of modulation frequencies. One peculiar characteristic is the presence of a variable harmonic structure related to one of these modulation frequencies. This complex photometric behaviour may be explained by a more complicated unresolved combination of modulation frequencies, but more likely due to a combination of pulsations of the star plus modulations related to interaction with a close companion, maybe indicating a disc. However, these characteristics cannot be confirmed from single site observations. The complex and variable behaviour of NGC 246 needs the WET co-operation in order to completely resolve its light curve.
1 Based on observations made with the Nordic Optical Telescope, operated on the island of La Palma jointly by Denmark, Finland, Iceland, Norway and Sweden, in the Spanish Observatorio del Roque de los Muchachos of the Instituto de Astrofisica de Canarias. The data presented here have been taken using ALFOSC, which is owned by the Instituto de Astrofisica de Andalucia (IAA) and operated at the Nordic Optical Telescope under agreement between IAA and the NBIfAFG of the Astronomical Observatory of Copenhagen.
INTRODUCTION
The pulsating planetary-nebula nuclei (PNNs) constitute a class of nonradially pulsating degenerate stars. Nine PNNs are known to be nonradial pulsators (Grauer & Bond 1984 , Bond & Meakes 1990 . Because of the spectroscopic similarities between these stars and the PG 1159 stars, it is presumed that there is a direct evolutionary link, in the sense that PNNs are the precursors of the PG 1159 stars. From a pulsating standpoint the pulsating PNNs show longer periods (between 800 and 2000 seconds) than the PG 1159 pulsators. To explain pulsations of these objects, Starrfield et al. (1984 Starrfield et al. ( , 1985 proposed a mechanism involving cyclical ionization and recombination of C and/or O in the outer layers of hot, hydrogen-deficient white dwarfs. Clearly, through understanding the pulsations of the PNNs, we may obtain a more complete picture of the evolutionary links between them, the GW Vir (=PG 1159) stars and white dwarfs in general. Exploration of properties of the pulsating PNNs may provide insight in the post-AGB evolution. In addition, some PNNs show peculiar characteristics, as a bipolar shape of the nebula, which may indicate the presence of a close companion. In this case, the possible binary interaction may be also revealed in the PNN photometric modulations, and the comparison of these features may reveal signatures to discriminate between single or binary evolution.
Despite the important information that asteroseismological studies may provide on the PNN family, such investigations have been completed only for a few of them (NGC 1501 RX J2117+3412: Vauclair et al. 2002 . One reason is that PNNs are more difficult to observe than the pulsating PG 1159 stars. One problem is that, by definition, PNNs are surrounded by nebulosity. Therefore, the use of photoelectric aperture photometry is only possible for a few of them: for those where the nebula is very faint. CCD cameras are required for the rest. Another problem is that in some of the best-studied pulsating PNNs to date, a given pulsation frequency apparently changes significantly from night to night, and amplitude changes irregularly too. Such instabilities could result from intrinsic variations in the star, but it could also result of a beat between the modes that are closely spaced in frequency. This seems to be a property of the entire class: most if not all of the pulsating PNNs show complex and variable behaviour. Despite the variability in the temporal spectra, the same period spacing may be observed during campaigns showing different modulation frequencies. Therefore, the best solution in order to do astereoseismology for one particular PNN is to have a completely solved long light curve, and combine it with the possible additional modulation frequencies observed in other single-site campaigns on this object, which may fit the period spacing obtained from the long data set.
We have conducted a program of photometry on the PNN NGC 246. This is an extremely interesting PNN to study due to several reasons: the object is quite bright (V =11.78) and surrounded by a faint elliptical nebula. Therefore, photometry can be done with small telescopes and photoelectric tubes. The spectral type of NGC 246 central star is O(C) (Mendez et al. 1979) which is closely related to the spectral type of PG 1159 (Schönberner & Napiwotzki 1990) . Spectroscopical studies have revealed changes in NGC 246 optical spectrum over years (Mendez & Niemela 1979) . In particular, the spectra taken in 1971, 1973 and 1977 show how the HeII 4685 line changed from absorption to emission. A progressive development of an envelope around the central star was suggested to explain this feature. Moreover, strange abundances are observed, as the lack of nitrogen and overabundance of neon (Werner & Rauch 1994) . The neon is enhanced through the reactions:
Ne that happen in the post-AGB stellar interiors or due to the He burning in the upper layers of the star that accretes matter in the helium cataclysmic variables (He CV). Another peculiarity is that NGC 246 is one of the few PNNs that show X-ray emission (Tarafdar & Apparao 1987) . In fact, it shows the strongest X-ray emission of all known PNNs. The X-ray flux is observed as supersoft X-rays, as for He CVs. Therefore, this pulsating PNN may be a good candidate for a system that evolves through interacting binary stages. We will present in this paper a photometric analysis of the data for NGC 246 from three different single site campaigns: with the NOT in July 2000, IAC80 in September 2001 and from Mt. Dushak-Erekdag (Turkmenistan) in November 2001.
PHOTOMETRIC DATA OF NGC 246

Previous observations
NGC 246 is listed as a photometric standard star by Landolt (1983) , and as a non-variable by Grauer et al. (1987) . Later on, included it in a survey for pulsations in PNNs, and their data showed it to be a low amplitude pulsator with periods of 24-31 min. They observed this object in three different nights. Power was detected at 683 and 648 μHz in the temporal spectra of the first two runs, which were consecutive nights. The third run was obtained 9 moths later. The temporal spectrum of this last run shows a different peak at a lower frequency (540 μHz). 
Observations from 2000
We observed NGC 246 with the Nordic Optical Telescope at the Roque de los Muchachos Observatory on La Palma (Canary Islands). The main characteristics selected for the targets were the existence of a bipolar or elliptical morphology of the nebulae, and PG 1159 or closely related spectral type of the central star. The idea of the program was to look for photometric features that may indicate possible interaction with a hidden close companion. NGC 246 was observed on two different nights (July 21 and 24). The observations were done with the ALFOSC CCD camera, using the software for rapid photometry developed by our group (Østensen & Solheim 2000) . Briefly, this system minimises the readout time by reading only small parts of the chip, consisting of small windows around the target, reference stars and skies. Using this system we were able to set sampling times of the order of 20 s. The observations were done using B filter since this is enough to avoid the faint nebula. The two runs obtained are short: NGC 246 was observed only about 2.2 hours the first night and 3 hours the second. The two light curves obtained are presented in Figure 1 . The sampling time for the second run is shorter and some flickering may be present in this light curve. This is more noticeable in the first part of the run.
The temporal spectra show only two regions of power with quite low amplitude and variable from night to night (see Fig. 2 ). The first run shows power only in one region around 550 μHz (3.66 μmp) while the second run shows a smaller power in the same region (1.84 μmp), and a much stronger peak at 685 μHz (5.56 μmp). The latter is completely absent in the first set. Taking into account the short length of the runs, these changes in the FT may be the consequence of a more complex unresolved light curve. This characteristic has been observed before in other PNNs. However, the daily changes have been observed as variations in the amplitude of some modulation frequencies. This time we have observed the appearance of a modulation frequency completely absent in the previous data set. When we compare with the previous observations by , the power is found in the same frequency regions and also changing from run to run. However, the variations in the temporal spectra observed before were from the runs spaced by many moths, while in our case the space is only two days long.
The wavelet analysis
To go further in our analysis, we have searched for the possible lifetimes of the modulation frequencies using the wavelet transform. The wavelet can be explained as an instantaneous Fourier transform. It gives information about changes with time of the modulation frequencies present in a temporal spectrum. Therefore, it produces a 3-dimensional grid of data: the amplitude vs. frequency (as in the FT) and the time axis. We performed the wavelet analysis over our second set of data and found that the peak at 685 μHz is clearly related to the second part of the night. We have used two different wavelets: Morlet and Pauli. The use of the Morlet wavelet gives better resolution in the frequency but not as good in the time domain, while the Pauli wavelet gives opposite. This qualitative comparison between different wavelets is important since it is not possible to get a good resolution both in the time and frequency domains with only one type of wavelet. In any case, the frequency resolution obtained with the wavelet analysis is not as good as with the FT. The regions of power are not as well confined. However, it introduces the possibility to obtain extra information, like the possible changes with time of a certain frequency: in this case, the frequency band would move diagonally in a 2D representation like the one presented in Figure 3 ; or if this frequency is confined to a specific time interval during the observations; the frequency band would not appear for the entire set. The FT does not give valid information in these cases since it is constructed assuming that no changes will occur in time. The routines used in this wavelet analysis also produce a graph showing the sum of all the contribution in the time domain, which is an approximation to the FT output. The selection of the parameters that define the wavelet analysis (type of wavelet and order), was chosen in order to obtain this last graph as close as possible to the FT output of the data set.
The wavelet analysis for the second night data shows how the amplitude of the 685 μHz (1460 s) peak increases very much in the second part of the run, starting from 5000 s after the beginning of the run. This is very clear from the Pauli wavelet analysis and may indicate that this change in amplitude is not a result of a beat between close frequencies. The 3D representation of the wavelet using the Morlet type, which is presented in Figure 4 wavelet, also shows this increase. If the amplitude variation is due to beat between nearby frequencies, we expect that the amplitude variation would not be as drastic but smoother. However, longer data sets, such as obtained with the WET collaboration, are needed to really discard the possible presence of a beat between close frequencies. The wavelet analysis suggests that the modulation frequency may have been suddenly activated near the second 4000 s. No known mechanism related with the stellar atmosphere can do this. New mechanisms are needed to explain this feature. However, changes in a disc, or accreting matter around the star, as we observe for Cataclysmic Variable systems, which occurs on a dynamical timescale, may explain it.
Observations from 2001
Two single-site campaigns were performed in 2001: using the IAC80 (Teide Observatory, Canary Islands) in September and the Mt. Dushak-Erekdag (Turkmenistan) in November. Both telescopes have similar size (0.8 m) and are equipped with photomultiplier photometers: a standard WET 3-channel photometer (Kleinman et al. 1995) was used in Tenerife and a 2-channel photometer (Dorokov & Dorokova 1994) at Mt. Dushak-Erekdag. The 2001 light curves are more complex with a more noticeable modulation. Both set of data show temporal spectra quite different from the previous observations at NOT. Figure 5 shows a comparison between the light curve from the 2000 campaign and one from 2001 observed with IAC80. The modulations in the latter are stronger and less sinusoidal. It is possible to identify a double humped feature at certain times. This may indicate a complex FT with the presence of harmonics. This double humped feature is a known characteristic of the light curves of certain CV's, like the interacting binary white dwarf systems, the AM CVns (Smak 1967; Warner 1995) , also called He CV's (Iben & Tutukov 1991) .
IAC80 data
The temporal spectra are again highly variable from night to night but show in general a higher amount of modulation frequen- cies. Power is found in the same regions as in the 2000 data, but also in other regions. Figure 6 shows a comparison of the FT from consecutive nights: important variations in the power spectra are seen. Figure 7 shows the temporal spectra of the data merged of these two datasets. The most important peak is now located at 450 μHz (9.9 μmp), and the power is also found in regions related with its first, second and higher harmonics. Additional important peaks are located close to the 400 and 500 μHz regions. We have followed the amplitude behaviour of the 450 μHz peak and its harmonics in the different runs available and they are highly variable. The presence of a harmonic structure has been observed before and is a characteristic property of He CVs with discs. This is attributed to changes in the structure of their accretion discs (Solheim & Provencal 1995) .
Turkmenistan data
NGC 246 was observed in November 2001 from Mt. DushakErekdag in Turkmenistan using a 80 cm telescope and 2-channel photometer. The plan was to observe together with the IAC80 in September to obtain better coverage. However, different problems made it impossible to start the campaign until late October. This was the first time this telescope was used after some time. Therefore, it was necessary to solve some technical problems in order to provide good data. This fact, together with the bad weather conditions, limited the amount of data obtained. The data are in general noisier than the Tenerife data, and the length of the runs is shorter. These circumstances limit the analysis that could be achieved with the data from these runs. However, the shape of the light curves is close to those obtained at Tenerife (see Figure 8) . A double humped feature is again present. It seems that NGC 246 was in a configuration closer to that observed at Tenerife and therefore quite different from the "state" observed in 2000 and previous observations. Due to the short length of the runs and poor quality of the data, the information that can be extracted from the temporal spectra is quite limited. Nevertheless, power is found in some of the same regions as during the September runs.
COMPLETING THE STUDY BY USING THE WHOLE EARTH TELESCOPE
The analysis presented shows the problems we have in understanding the complexity of NGC 246 photometric behaviour and the physics behind it. Certainly, this is not possible from single-site observations. The WET cooperation is the only way to attempt to solve many of the questions related with NGC 246, since it is crucial to do the following: (1) To solve completely the light curve and identify all the different modulation frequencies present; (2) To identify the possible changes in temporal spectra that may be real; (3) To make an attempt of asteroseismology to NGC 246. The use of WET is crucial since at the frequencies near 750 μHz the observed period spacing of 21 seconds corresponds to a frequency difference of 11.6 μHz, which is close to a one day alias! Therefore, if NGC 246 is anything like the GW Vir stars, or a precursor of a GW Vir star, it is very important to separate out the 1 cycle/day alias from consecutive overtone spacing; (4) To find the period spacing. This is the only way to be able to use the existing information from single-site campaigns that could help to complete the mode identification; (5) To identify possible features in the temporal spectra that may be related to interactions with a close companion, as orbital and superhump periods. In this direction, a good candidate is the harmonic structure observed at 450 μHz, which has harmonics and may be a superhump frequency. This can be verified by searching for the presence of the same sidebands in the modulation frequency and its harmonics, as we have observed for all the AM CVn objects with discs; (6) If binarity is confirmed, to study how these external interaction (like accretion of mass) may affect the pulsation mode structure by tidal interactions.
CONCLUSIONS
We have presented a study of the photometric characteristics of the PNN NGC 246. We have observed this object in three different single-site campaigns. The analysis shows complicated and variable temporal spectra. Some photometric characteristics, including the changes in the FT in time scale of days, are similar to what is found for other PNNs, but new characteristics are found like the indication, using wavelet analysis, of changes in time scale of hours, and the presence of an amplitude variable harmonic structure in the 2001 dataset: at least 3 harmonics related with a peak at 450 μHz. We conclude that the temporal spectra may be a combination of features related to pulsations of the star plus others related to the interaction with a close companion. An evolutionary stage close to He CVs is proposed and may explain the following properties: (1) the peculiar spectral abundances like the lack of N and overabundance of Ne, as a result of He burning on the star surface; (2) the X-ray emission; (3) the 450 μHz harmonic structure. However, WET observations are needed to solve a complicated photometric behaviour of NGC 246. These observations may offer exciting possibilities: to attempt asteroseismology for this peculiar PNN, and to confirm the possible presence of a close companion. If these features are confirmed, the interaction between the stars may be reflected in the modes themselves. A comparison with the other PNNs already studied may give clues to discriminate between single and binary evolution.
